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ABSTRACT 
From environmental and energy considerations, it is generally recognized that membrane 
separation processes could become widely used in industrial applications. In recent years, 
considerable attention has been focused on combining the unit operations of separation and 
reaction to provide purer products by shifting thermodynamic equilibrium. In this context, 
inorganic membrane reactors offer the possibility of combining reaction and separation in a 
single operation at high temperatures to overcome the equilibrium limitations experienced in 
conventional reactors. Such attractive features can be advantageously utilized in a number of 
industrially important reactions, which include dehydrogenation, hydrogenation, oxidative 
dehydrogenation, oxidation and catalytic decompositions. However, to be cost effective, 
significant technological advances and improvements will be required to solve several key issues 
which include: (a) perm-selective thin solid film, (b) thermal, chemical and mechanical stability 
of the film at high temperatures, and (c) reactor engineering and module development in relation 
to the development of effective seals at high temperature and high pressure. 

In this project, we are working on the development and application of palladium and palladium- 
silver alloy thin-film composite membranes in membrane reactor-separator configuration for 
simultaneous production and separation of hydrogen and carbon dioxide at high temperature. 
From our research on Pd-composite membrane, we have demonstrated that the new membrane 
has significantly higher hydrogen flux with very high perm-selectivity than any of the 
membranes commercially available. The steam reforming of methane by equilibrium shift in Pd- 
composite membrane reactor is being studied to demonstrate the potential application this new 
development. 

To have a better understanding of the membrane reactor, we developed a two-dimensional 
pseudo-homogeneous reactor model for steam reforming of methane by equilibrium shift in a 
tubular membrane reactor. Radial diffusion was taken into account for concentration gradient in 
the radial direction due to H2 -permeation through the membrane. With appropriate reaction rate 



expressions, a set of partial differential equations was derived using the continuity equation for 
the reaction system. The equations were solved by finite difference methods. The solution of the 
model equations is complicated by the coupled reactions. To overcome the numerical difficulties, 
several alternative schemes were implemented in the solution algorithm to get converged 
solution. The solution would be straightforward if only the overall methane conversion reaction 
is considered. Since the concentration of carbon monoxide (water-gas shift reaction) may be 
significant in many operating conditions, and a good model should be able to predict it, on needs 
to consider the system of reactions involved. In this presentation, modeling work on the steam 
reforming of methane in the membrane reactor along with perm-selectivity data on hydrogen 
through Pd-composite membrane for a number of mixed gases would be presented. 
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